This study aims to assess food safety knowledge and practices of food handlers in popular public restaurants in Brazil. A questionnaire has been applied with 70 food handlers in different municipalities, with questions related to food safety knowledge and food safety self-reported practices, and observed practices. To check hygienic-sanitary conditions of restaurants, a checklist has been applied. Regarding food safety knowledge, an average of 72.64% of correct answers has been observed. Food safety self-reported practices presented 80.71% of adequacy, while observed practices were 75.40%. A positive correlation has been observed between food safety knowledge and self-reported practices of handlers. The observed food safety practice of handlers presented no correlation with food safety knowledge and self-reported practices. The average adequacy of hygienic-sanitary conditions was 68.08%, classifying the units as "regular."
de Estado do Trabalho, da HabitaÇão e da Assistência Social (Sethas), 2017). Currently, approximately 23.000 meals/day are produced in RN, serving those in unsafe food zones and supplying menus adjusted to the eating habits and customs of the population (Sethas, 2017; Silva, 2008) .
During the preparation of food products, food handlers play a key role in hygienic-sanitary control and may be responsible for the promotion of food-borne disease episodes (Muller, 2011) . Training programs for these handlers can provide hygienic-sanitary quality assurance through specific training, as there are associations between food contamination, lack of knowledge, and/or negligence in food preparation (Lange, GonÇalves, CaÇador, Zago, & Maeda, 2008; Saccol, Rubim, Mesquita, & Welter, 2006) .
A study of food handlers in different types of sectors has shown that 62.2% of the participants had pathogenic bacteria on their nails, identified as several microorganisms, such as Staphylococcus aureus, Escherichia coli, Klebsiella, and Pseudomonas. According to the data, the authors have observed that the contamination relates to the educational level of handlers, the habit of washing hands after using the toilet, and income (Nasrolahei, Mirshafiee, Kholdi, Salehiana, & Nasrolahei, 2017) .
Assessing food safety knowledge and practices of food handlers is essential for making improvements in food quality, because they have been considered primarily responsible for food-born diseases (Cunha, Stedefeldt, & Rosso, 2014a) . According to Frewer, Shepherd, and Saparks (1994) , food safety knowledge is important in the perception of risks, as the increase of food safety knowledge provides improvements in the control and regulation of food-borne illnesses.
Additionally, the authors state that risk perception can guide decisions, implying changes in human behavior. Moreover, the evaluation of self-reported practices provides a useful and cost-effective approach, both to assess current hygiene status and to determine the training needs for employees. Good hygiene practices in food services are elementary for the prevention of foodborne illnesses and can control risks to consumers' health and overall public health (Wambui, Karuri, Lamuka, & Matofari, 2017) .
Some studies have sought to clarify matters related to food safety knowledge and the practices of food handlers (Al-Shabib, Mosilhey, & Husain, 2016; Cunha, Stedefeldt, & Rosso, 2014b; Mello, Gama, Marin, & Colares, 2010; Zanin, Cunha, Stedefeldt, & Capriles, 2015) . Demonstrating these practices seem to provide assistance in the development of new strategies for food handlers' training (Rossi, Stedefeldt, Cunha, & Rosso, 2017) and improve food safety (Latorres, Rancatti, Lasta, & Queiroz, 2016) . Therefore, this research aims to assess the observed and self-reported practices of safety and food safety knowledge of food handlers working in Popular Restaurants in the state of RN.
| METHODOLOGICAL PROCEDURES

| General research data
Data collection was made locally through the application of a questionnaire with food handlers of Popular Restaurants in RN, as well as the application of a checklist to assess their compliance with good food safety handling practices in the units. (Bolfarine & Bussab, 2005) . At this stage, the questionnaire tested in a pilot study was applied to check whether the scores of "food safety knowledge" variable presented variations between them. Five units were picked, each from a different municipality and among those that carried out production in loco, there were only 19. After the results of the assessment of the "knowledge" score, a sample calculation was carried out, totaling 10 restaurants for the research ( Figure 1 ).
| Assessment of food handlers' self-reported food safety practices and knowledge
To carry out the socio-demographic characterization of food handlers, a questionnaire was prepared based on the studies of Liu et al. (2015) , Freitas, Calazans and Alchiere (2014), Santos et al. (2008) , and Cunha, Stedefeldt and Rosso (2012) . To evaluate the food safety knowledge and self-reported practices of food handlers, a questionnaire based on Brazilian legislation for proper food safety handling practices (Brazil, 2004) and the study of Santos et al. (2008) were utilized.
Aimed at improving the questionnaire, we have conducted a pilot study with handlers of a Popular Restaurant. During the application, an assessment of the participants on possible difficulties in understanding the matters and providing the information was required.
Accordingly, researchers have discussed and defined the changes deemed necessary for the final version of the questionnaire. This questionnaire is divided into three stages: socio-demographic evaluation, assessment of food safety knowledge and proper food safety handling practices, and assessment of self-reported food safety practices of food handlers.
Socio-demographic classification was obtained through information provided by the food handlers and documentation of evidence provided by the unit manager. The following information was collected for the food handlers' classification: age, gender, education, occupation, professional experience, and participation in training on proper food safety handling practices.
For the assessment of food handlers' food safety knowledge, the questionnaire presented 31 questions subdivided into three parts, according to the subjects required under current legislation for food handlers training (Brazil, 2004) , namely foodborne diseases, hygienic handling, and personal hygiene. The questionnaire has presented three options for answers-True, False, and I don't know. The first two are assigned a point if the answer is correct, and the last one is zero in all cases.
To assess food handlers' self-reported food safety practices, 18 questions were presented to identify said actions of research participants regarding the activities performed daily in the production of meals and related to food safety. The answers varied between always, sometimes, and never, with a point assigned for each correct answer, in accordance with the legislation in practice on proper food safety handling practices (Brazil, 2004) .
2.3 | Assessment of hygienic-sanitary conditions of the units and observed food safety practices of food handlers
A checklist based on Brazilian legislation on good handling practices (Saccol, Stangarlin, & Hecktheuer, 2013) was used to check the hygienic-sanitary aspects of the units. The sanitary conditions of the units were classified by percentage, where "Very good" ranged from 91 to 100%; "Good" from 70 to 90%; "Regular" from 50 to 69%; "Bad" from 20 to 49%; and "Very bad" from 0 to 19%.
The checklist comprised of items related to "buildings, facilities, furniture, and utensils"; "hygiene of facilities, equipment, furniture, and fixtures"; "integrated control of vectors and urban pests"; "water supply"; "waste management"; "handlers"; "raw materials, ingredients and packaging"; "food preparation"; "storage and transportation of prepared food"; "exposure to consumption of prepared food"; "documentation and records"; "standard operating procedures" (SOP) ; and finally, "responsibility." This list was filled out through the observation "in loco" of the units, the production of the meals, and consultation of available operational documents and records.
The item "handlers" for this checklist was specifically used to assess food handlers' observed food safety practices during the meals' production and distribution stages.
| Data analysis
First, descriptive statistics of the study were carried out. A percentage of 60% correct was used as a cut-off point to classify as satisfactory/appropriate for food safety knowledge, self-reported food safety practices and the observed food safety practices of the handlers (Vo, Le, Le, Minh, & Nuorti, 2015) . Statistical analysis was carried out using software R version 3.2.4, and a significance level of 5% was adopted. A Spearman test was performed to verify the existence of correlation between "food safety knowledge" and "self-reported food safety practices" of food handlers. This test was also used to check the correlation between "knowledge" and "observed practices" per restaurant; "self-reported practices" and "observed practices" per unit; "hygienic-sanitary conditions" and "knowledge"; and between "hygienic-sanitary conditions" and "selfreported practices". Finally, a Chi-square test was performed to check the association between knowledge and socio-demographic variables, and between self-reported practices and sociodemographic variables.
| RESULTS AND DISCUSSION
| Socio-demographic data
As shown in Table 1 , among the food handlers participating in the research (n = 70), most of them were male, aged between 30 and 40 years, and have completed high school. Although nobody reported to be illiterate, it was observed that more than half of the food handlers (55.7%) presented an education level lower than a high school, from unfinished elementary education to unfinished secondary education. The level of education completed proves to be an important factor in regards to food safety, as food handlers need to understand the SOPs, as well as record their activities. According to Freitas, Calazans, and Alchiere (2014) , the level of education completed is an important indicator of work quality, quality of life, and growth potential of employees. Regarding the professional characteristics, most of the participants worked as kitchen porters (48.6%) and worked in the field for 1-5 years (48.6%). We have observed that the highest frequency of food handlers' training had occurred within a period of 6 months to 1 year (Table 1) . However, a significant portion of the food handlers had been trained for over a year (25.7%), whereas 10.0% of the food handlers had never received good handling practices training, and yet were performing food-handling activities. The current legislation recommends that training in the proper food safety practices (Brazil, 2004 ) is regularly carried out; therefore, 35.7% of food handlers were noncompliant with the legislation.
A study from the University of Saudi Arabia involving restaurant handlers, where all the participants were men, with an average age of 26-35 years, and 63.4% of the respondents were high school students (Al-shabib et al., 2016) , identified similar professional characteristics. Moreover, the authors further observed that approximately 36.8% of the sample did not present a satisfactory reading level. Freitas et al. (2014) have observed, among food handlers in hotels, a female majority, within the ages of 20-30 years, and with a high school. Most of these food handlers were salespeople, followed by kitchen assistants, working in the field for up to 5 years. Although the study was carried out in the same state as the present study, the results have differed in some areas, as it involved food handlers in hotel service.
| Assessment of food handlers' food safety knowledge
When assessing food handlers' food safety knowledge on good handling practices, an average of 72.76% (AE14.24) correct answers was obtained, thus demonstrating satisfactory/appropriate food safety knowledge according to the established cut-off point (> 60.0%). A significant dispersion of the results near the average was observed for both food handlers' self-reported food safety knowledge and food safety practices and for hygienic-sanitary conditions of the units. This can be attributed to the fact that in Brazil, the public procurement model allows different companies to provide meals in popular restaurants and these companies have different quality standards. In some units, food safety training and supervision of food handlers are likely to occur more regularly, whereas others have not provided the minimum implementation of adequate food safety practices recommended by current legislation (Brazil, 2004) .
Although the overall result was satisfactory, we have observed that only 32.86% of the food handlers are aware of the inadequacy of washing hands with soap and water. Other food safety knowledge matters related to direct food contamination also presented low percentages, such as the proper practice of meat defrosting and meat temperature, and the proper measure to take in cases of hand injuries and the cooling of leftovers. These factors are closely associated with the proliferation of microorganisms and can trigger Foodborne Diseases scenarios. The food handlers also failed to demonstrate that they knew proper cleaning and sanitation concepts, with stages often ignored, and failures were observed in the implementation of SOPs.
The highest percentage of correct answers per matter in this study was observed in the item related to chemical contamination of foods (97.14%) ( Table 2) . Cunha et al. (2014) have evaluated the knowledge of food handlers from street food kiosks, beach kiosks, restaurants, hospitals and school meal services in the city of Santos, Brazil, observing participants' knowledge level at 64%, which is lower than that of the findings of this study.
A positive correlation was observed between the variables "knowledge" and "self-reported food safety practices" of food handlers (r = .364; p = .001941). According to the estimated regression (54,921 + 0.345 x knowledge), it is estimated that, for every 1% added to food safety knowledge, the self-reported food safety practices increase by an average of 0.345%. Cunha et al. (2014a) have also observed a positive association between these variables. Regarding the socio-demographic data, it was observed that there has been no association between the "knowledge" and "socio-demographic and occupational characteristics" of participants (p > .05) ( Table 3) study has also shown no association between self-reported food safety practices and socio-demographic characteristics of the participants (p > .05) ( Table 2 ). In a study by Tan, Bakar, Karim, Lee, and Mahyudin (2013) , there was no significant association between the average of "self-reported practices" and variables such as "age", "gender", "education level", "work experience" and "training". Although the results of this study presented no association of socio-demographic variables both with self-reported food safety practices and food safety knowledge, the relevance of these socio-demographic characteristics is acknowledged as an influencer in this process, especially in regards to the education level of individuals, once it was also observed that the increase of food safety knowledge leads to an increase in the self-reported food safety practices.
| Hygienic-sanitary conditions of restaurants
It was observed that the hygienic-sanitary conditions of the restaurant units reached an overall average of 68.08% (AE13.63), which classifies them as Regular (Saccol et al., 2013) . In general, "buildings, facilities, furniture and utensils" was the category with the lowest percentage (58.8%), which could compromise food quality (Table 5 ). The result of hygienic-sanitary inadequacies in Popular Restaurants of RN has been reproduced even years after the program has been in place, and can be corroborated when compared to the data obtained from the research conducted by Silva (2008) , as well as to the case study of Souza, Calazans, and Bagni (2016) , where the units were, similarly, classified as Regular.
Regarding the buildings and facilities of the units under this study,
we have found that most of the buildings leased for the operation of Popular Restaurants were planned for another purpose. Some physical structures are residences adapted to produce meals, while others are sheds without the required divisions to allow an adequate flow of food, as determined by the current legislation (Brazil, 2004 (Mello et al., 2013) .
These results are in line with the present study.
The subject "documentation and registration of activities" has also presented a low adequacy percentage (62.9%) ( Table 5 ). Current legislation requires food services to have a Manual of Good Practices and SOP and these should be available to service staff and health authorities upon request (Brazil, 2004) . In the present study, we have observed units that failed to present a Manual of Good Practices, and some had not implemented the SOP recommended by law. In this sense, it was possible to observe that there is a failure in the daily activities records, especially those related to hygiene, thus compromising the quality and freshness of the food served in the unit,
as it disagrees with current legislation. Based on consumers' reports, the absence of the Technical Manager was observed in one of the units under study, which represents a relevant inadequacy. According to the term of reference governing the hiring of outsourced companies responsible for the provision of meals to Popular Restaurants in Brazil, each company must present in its permanent staff a nutritionist that holds a certification of legal technical responsibility to produce meals, and who shall monitor operations to ensure the quality of meals produced (Sethas, 2016) . The nutritionist is the professional qualified to perform activities of planning, organizing, directing, and controlling of activities in food services (Brazil, 1991) , being fundamental in the process of quality control of meals served.
Although the item "food preparation" has presented an overall adequate percentage, there were still inadequate practices regarding essential items, such as absence of temperature control, meat defrosting at room temperature, and perishable foods exposed to room temperature for longer periods, and so on. These are essential items to guarantee food quality, because a noncompliance with adequate practices in this stage can directly influence the contamination of food, enabling the growth of microorganisms that can lead to the occurrence of DTA.
The highest percentage related to the "storage and transportation of prepared food", reaching 94.4% (Table 5) On the grounds of the objective proposed by the Popular Restaurant Program regarding the hygienic-sanitary conditions of meals, which aims to provide appropriate meals (Brazil, 2004) , the results of this study show that the units are noncompliant with the provisions of the program policy. Additionally, the relevance of the search for improvements in these conditions is evident, as these units are aimed at serving an audience that are in unsafe food zones (Brazil, 2004) .
| Assessment of observed food safety practices
The practices of food handlers were observed and evaluated per restaurant, conducting punctual observations of handlers during their daily activities. The average score was 75.40% (AE18.76). According to Medeiros, Carvalho, and Franco (2017) , it is worth checking the correlation between the instruction and the actual practice of good handling practices, which assures the quality in food preparations and/or meals.
The main inadequacies found in the present study were the nonremoval of the food handler in cases of injuries, maintenance and cleanliness of uniforms, daily change of uniforms, use of uniforms outside the restaurant's premises, as well as the size and cleanliness of nails. In a study by Rebouças et al. (2017) , it was found that selfreported food safety practices have demonstrated a good outcome, the results of the checklist have identified that most food handlers (91.3%) failed to perform proper hand hygiene.
According to Cunha et al.. (2014a) , there are other reasons that may influence the failure of food handlers to adopt appropriate practices, such as low perception of risk with regards to hand hygiene, inappropriate infrastructure of units or work overload. In view of these factors, food handlers prioritize other activities (Cunha et al., 2014a) .
The findings of this study demonstrate that the level of food safety knowledge of food handlers has a direct influence on the answers given with regards to food safety practices in the workplace.
However, in statistical terms, such a phenomenon is not observed in food safety practices hereunder, and although the food handlers defend that they meet the standards, it has not been observed for Some studies have demonstrated the relevance of the "OB" factorthe optimistic bias, which is a positive perspective individuals attribute to events, considering that negative reactions are less likely to occur to oneself than to others (Gouveia & Clarke, 2001 ). The OB factor allows for an exploration of food handlers' feelings and perceptions, which can influence their behavior and can be associated with adequate food safety practices (Cunha et al., 2014b; Rossi et al., 2017) .
According to these authors, this optimistic bias seems to influence food handlers' practices, causing many to neglect important tasks based on the belief that other employees make more mistakes than themselves. Rossi et al. (2017) have noted that an overly optimistic food handler can neglect operations and contaminate food. However, despite observing an optimistic bias among study participants, the authors found that the "OB" factor was not related to the food handlers' level of food safety knowledge. Cunha, Braga, Passos, Stedefeldt, and Rosso (2015) also failed to identify an association between the "OB" factor and food handlers' food safety knowledge, attitudes, and practices.
Understanding the factors that influence the adoption of adequate food safety practices during food handling is extremely important for the adoption of strategies that can minimize possible hindrances, thus facilitating the execution of appropriate food handling and reducing the risks to the health of the consumers.
| CONCLUSION
This study has observed that food handlers of Popular Restaurants of RN have satisfactory levels of food safety "knowledge", "self-reported practices," and "observed practices". Additionally, we identified a positive correlation between the food safety "knowledge" and "self- 
